Abstract: Two NNN type ligands namely bis-2,6-(pyrazol-1-yl) pyridyne (pp) and bis-2,6-(3,5-dimethyl-pyrazol-1-yl) pyridyne (dmpp) were prepared by the use of 2,6-dichloropyridine, pyrazol and 3,5-dimethylpyrazol. Using these ligands with SCN co-ligand two mononuclear Cu(II) complexes were synthesized and characterized. The complexes were investigated by thermogravimetry (TG) and differential thermal analysis (DTA) and subjected to isothermal and nonisothermal kinetic analyses. TG and DTA results indicated that the complexes showed two distinctive degradation steps and the NNN type ligand was removed from the structure at temperatures above 300 °C. The activation energies of these complexes and same thermodynamic parameters of these thermal reactions have been calculated. The situation of d orbitals of Cu(II) ion, the electron densities of donor atoms of the ligands, natural bond orbital (NBO) analysis, the theoretical IR spectra and HOMO-LUMO energy levels computed by the use of DFT/B3LYP methods with 6-311G (d) basis set in Gaussian 09 software. These data were employed to enlighten the thermal degradation of the complexes prepared. 
Introduction
Bis-2,6-(pyrazol-1-yl) pyridine is NNN type ligand first prepared in 1990. It can be easily synthesized from 2,6-dichloro or bromo pyridine and pyrozole [1] . It is used in place of terpyridine due to its ease of preparation. There were numerous studies regarding to the preparation of mononuclear [2] [3] [4] [5] [6] [7] [8] [9] , dinuclear and polynuclear [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] complexes using this ligand reported in the literature. Apart from co-ligands such as OCN, SCN make two type of bonding to bound the metal complexes to each other [20] [21] [22] . OCN and SCN ligands can bound through two atoms due to donors such as N, O or S attached to the carbon atoms or they can establish coordination of two central ions from a single atom due to the probability of resonance (Figure 1 ). If μ-bridges are formed by the coordination of two different central ions with two different atoms it is called end-end coordination and the μ-bridges established by the use of same atoms are known as end-on coordination [23] . The formation of polynuclear coordination compounds is dependent upon the central ion. The ligands and the complexes prepared were characterized with elemental analysis, IR, mass, 1 HNMR and 13 CNMR spectra. The X-ray diffraction data and unit cell of [Cudmpp(SCN)2] complexes have been previously reported [9] . The two complexes have been thermo gravimetrically investigated with isothermal (Coats-Redfern, CR) [24, 25] and nonisothermal (Ozawa-Flyn-Wall, OFW) [26, 27] and (Kissinger-Akahira-Sunose, KAS) [28] methods. The activation energy (Ea) and Arhenius pre-exponential factors (A) of the thermal degradation reactions have been determined. The thermal degradation of [Cudmpp(SCN)2] was observed to take place at a higher temperature. The reasons of this have been investigated by the theoretical calculations where the electron densities upon the donor atoms of the ligands were determined by the use of algorithms in Gaussian 09 software [29] . Also the electron densities of the complexes were computed by natural bond orbital (NBO) program in order to have an idea about the thermal stabilities of the complexes. The theoretical and experimental IR data were also compared with each other. HOMO and LUMO levels of the central ions were also calculated.
Material and Method

Apparatus and test procedures
The IR spectra were taken by the use of Shimadzu Infinity model FTIR apparatus equipped with three reflection ATR unit and all IR spectra were recorded at a resolution of 4 cm -1 . C, H and N analyses were carried out by Eurovector 3018 CHNS analyzer. Cu analysis of the complexes were performed by GBC Avanta PM Model flame atomic absorption device. The complex (2-3 mg) was digested in mixture of 1 mL HNO3 (63%, certified) and 1mL H2O2 (30%) with heating, diluted to 100 mL and injected to nebulizer of atomic absorpion device for the metal analysis. The NMR spectra of the ligands were recorded with a Varian brand Mercury model 400MHz NMR spectrophotometer in d6-DMSO. The mass spectra of the ligands were recorded using Shimadzu 2010 Plus GCMS apparatus equipped with Direct Inlet (DI) unit.
The TG-DTA studies were carried out with Shimadzu DTG-60H apparatus. The thermogravimetric analyses were carried out in Pt pans operated at different heating rates under nitrogen atmosphere. The temperature and heat calibrations of both devices were carried out using in and Pb metals. TG method was utilized in the determination of complex stoichiometries at the same time.
Kinetic analyses of each complex were carried out using thermogravimetry at different heating rates. The heating rates employed for both [Cupp(SCN)2] and [Cudmpp(SCN)2] complexes were 5, 10, 15, 20 and 25 °C/min. The kinetic parameters of KAS and OFW methods were determined using the temperature values at the 0.2-0.4 -0.5 -0.6 and 0.8 g(α) for all heating rates employed in the thermogravimetrical curves. The activation energy and pre-exponential factors were calculated with the help of graphical methods using the pre-determined temperatures according to the KAS and OFW methods. The equations used for graphical calculations for KAS and OFW are as follows [30] [31] [32] :
The results of Coats-Redfern method were obtained at each heating rate for the g(α)= 0.2, 0.4, 0.5, 0.6, 0.8 separately. In the literature the following formula was used for the graphical calculation of CR method [25] .
In these equations β term shows heating speed as °C min -1 , R is the universal gas constant, Ea is thermal disintegration activation energy, A is Arrhenius preexponential factor, T is temperature in K and g(α) is the term which determines completed fraction of thermal disintegration process reaction. These equations are valid only when the reaction order n is equal to one. In all three methods lnβ, ln[β/T2] and ln[g(α)/T2] are plotted against 1/T values respectively from which the Ea and A values were deduced from the slope and intercept.
Once the Ea and A are calculated, the determination of the some of the thermodynamic parameters becomes a very easy task. If the pre-exponential factor is available the entropy change of activation can approximately be computed by the use of the following formula:
where h and k are the Planck and Boltzmann constants respectively, h=6.626x10 -34 Js and k=1.38x10 -23 J/(K.molecule). The first law of thermodynamics give the entalphy of the reaction as:
Gibbs Free energy of the thermal reactions can be calculated as [33, 34] :
Theoretical calculations
Theoretical calculations were carried out by using Gaussian 09W (revision D.01) software. All calculations were performed by DFT/B3LYP/6-31G(d) method in a gas phase. In addition to the electron densities of the d orbitals of the central ion were determined by the use NBO. The charge density distributions on the ligands were evaluated using DFT. Furthermore, the theoretical IR spectra was deduced and compared with the experimental spectra.
Results
Preparation of the ligands:
The ligands, pp and dmpp, were prepared from pyrazole,3,5-dimethylpyrazole and 2,6-dichloro pyridyne in diglym according to the literature [1] . 6 .64 (t,2H). 13 
Preparation of the complexes:
Both complexes were synthesized according to the same procedure in MeOH/DMF mixture. 0.004 moles of pp or dmpp were dissolved in 25 mL DMF by heating under constant stirring. To this solution were added a solution of 0.004 mole CuCl2.2H2O in 25 mL MeOH and 0.008 mole KSCN in 10 mL hot water. The resulting mixture was left at the bench for 2-3 days and the green-grey crystals were filtered off and dried in air. 
TG-DTA results:
The TG-DTA curves of two complexes are depicted in Figures 3 and 4 and the resulting thermo analytical data are given in Table 1 .
Discussion and Conclusion
Thermogravimetry gives a partial information about the complex stoichiometry. Note that the disintegration of the complexes take place in two distinctive steps. This is more apparent in [Cupp(SCN)2], complex. The data listed in Table 1 reveal that the mass loss in thermal disintegration corresponds to the mass of ligand. The activation energies and Arrhenius preexponential factor values computed from the graphs depicted in Figure 5 and 6 are listed in Table 2 and the thermodynamic parameters determined by the use of these values are tabulated in Table 3 . As seen from Table 1 show that the residue left after the first and the second thermal reactions above 300 °C is approximately equal to the mass of Cu(SCN)2. In other word the organic ligand above 300 °C disintegrates in two steps before leaving the structure. The removal of the organic ligand from the structure is most probably related to the strength of the coordination bonds. Although coordination bands are not as strong as the covalent bond they are stronger than dipol-dipol interactions [35] . This may be the prime reason for the removal of dmpp group from the metal ion at higher temperatures. This is a very strong possibility because all the four methyl's are electron donating groups and increase the electron densities of nitrogen donors. This situation is verified by IR spectra. Figure 7 and Figure 8 . There were two different probabilities of LUMO orbitals of [Cudmpp(SCN)2] complex. This situation is apparent in Figure 8 if the program is used in two different  and  modes. As seen from this figure both the organic ligand and thiocyanide ions contribute to the LUMO This is due to the fact that the more electrons were withdrawn from the thiocyanide ions the more the triple bond between carbon-nıtrogen atoms in thiocyanate ion gets stronger causing the related IR signal shifting towards the higher energies. However, there is no such situation in [Cupp(SCN)2] complex. Theoretical IR spectra of two complexes are depicted Another data obtained by the use of DFT program is the electron densities of the ligands. Table 5 
